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CHAPTER I
INTRODUCTION
Englemann spruce, Picea engelmanni (Parry), and sub­
alpine fir, Abies lasiocarpa iHook.) Nutt., are the major 
species of what are known as the spruce-fir forests of the 
western United States and western Canada. Engelman spruce 
and subalpine fir are associates throughout much of their 
natural ranges. The species grow in a cold and humid 
climate, usually characterized by cool summers, very cold 
winters, and heavy snowfall. The spruce-fir type is present 
from 2,500 feet in elevation in the northern latitudes up to 
12,000 feet in elevation in the southern limits (Sudworth, 
1916). The type is usually considered the timberline type, 
but is also found in other favorable microsites. Spruce-fir 
forests of the Rocky Mountain region are traditionally 
separated into four geographic locations: Canadian Rockies,
Northern Rockies, Central Rockies, and Southern Rockies.
This thesis deals with the spruce-fir type in the Central 
Rockies, specifically in southern Utah. A review of spruce- 
fir literature in general reveals great differences in the
biotic and abiotic components of the type as one traverses 
from Alberta to Arizona. Research information collected in 
southern Alberta may or may not be applicable to the stands 
of southern Utan.
Successful natural regeneration of both spruce and fir 
after man's alterations of the forest appears to vary consid­
erably throughout the range. Previous natural regeneration 
studies on the Dixie National Forest have revealed a failure 
of adequate stocking of clearcuts with either species (Hanley 
and Pfister, 1971). This study has been located in two 
stands adjacent to the regeneration study to more fully 
explain the natural successional trends of these stands 
(figure 1). A better understanding of the secondary succes­
sional trends and stand structure will aid land managers in 
decisions on selecting applicable silvicultural systems.
To decide what silvicultural system is required, we 
need to determine the natural stand establishment and 
development pattern, as these systems should mimic natural 
conditions. In essence, we are asking the question: Are
the old growth spruce-fir forests of two plateaus in southern 
Utah composed of even-aged or uneven-aged stands?
In order to make the text more understandable some 
definitions are in order. Uneven-aged stand, even-aged 
stand, and all-aged stand are commonly used for describing 
the age structure of forest stands. The definitions as
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stated by the Society of American Foresters (1972) are as 
follows :
All-aged -
Even-aged -
"A forest stand that contains trees of 
all or almost all age-classes, including 
those of exploitable age”.
"A forest stand composed of trees having 
no or relatively small differences in 
age. By convention the maximum differ­
ence admissible is generally 10 to 20 
years, though with rotations of less 
than or equal to 100 years, differences 
up to 30 percent of the rotation age 
may be admissible”.
"A forest stand composed of intermin­
gling trees that differ markedly in age. 
By convention, a minimum range of 10 to 
20 years is generally accepted, though 
with rotations of less than or equal to 
100 years, 30 percent of the rotation 
age may be the minimum; in the U.S.A. 
it is 25 percent".
The following chart may help clarify the definitions as 
used in the United States:
Uneven-aged -
CONDITIONS 25% Age Groups of Rotation Age
Even-aged X
Uneven-aged (1) X X
Uneven-aged (2) X X X
Uneven-aged (3) X X X X
Establishment
Age
Rotation
Age
Thus an even-aged stand contains trees of one age group up to 
25 percent of the length of rotation. An uneven-aged stand
IS one in which the ages fall in 2 or 3 groups, composed of 
25 percent of the length of rotation each. A theoretical 
all-aged stand is a special case of an uneven-aged condition, 
which contains trees of all age groups.
Objectives
1. To study the actual stand age structure of the 
old growth spruce-fir forests of two stands on 
the Aquarius and Markagunt Plateaus of southern 
Utah.
2. To relate the actual stand development to manage­
ment practices for these stands.
CHAPTER II 
LITERATURE REVIEW
The north-south range of the Engelmann spruce-subalpine 
forests of the Rocky Mountains exhibits many different envi­
ronmental conditions. An overview of past literature reveals 
that the varied environmental conditions lead to variation 
in the type itself in regard to species composition, stand 
physiographic features, age-class structure, and secondary 
successional patterns. These variations can be considered 
on a geographic basis.
In southwestern Alberta, Bloomberg (1950) indicated the 
spruce-fir type resembles an all-aged type, but is actually 
very even-aged in structure. He reported, on the Blairmore 
District of Alberta, 82 percent of the stand was regenerated 
in a one hundred year regeneration period following a forest 
fire. However, he also pointed out that the stand was 
irregular in that the remaining regeneration was established 
under the initial canopy. Bloomberg's one hundred year 
regeneration period is a good indicator of a developing 
uneven-aged structure, not the even-aged condition, he 
reported.
6
At the Kananaskis Forest in Alberta, DeGrace (1950) 
indicated there was a good distribution of diameter classes 
in the mature spruce-fir type.
Day (1972) has studied the age-class structure of the 
old growth spruce-fir forests of the Crowsnest Forest of 
the Canadian Rockies. He reported an irregular to all-aged 
forest becoming established as a late successional stage. 
Even-aged lodgepole pine, Pinus contorta (Dougl.), becomes 
established as a serai species after fire, being succeeded 
by a spruce-fir community. Day believed the late succes­
sional stages of an all-aged stand are the result of 
successful fire control programs.
In central interior British Columbia, Barnes (1937) has 
studied the development of the virgin forest and the probable 
development of residual stands after partial cutting. Barnes 
reported two types of natural mature forests occurred in 
this area. One type has developed over extended periods of 
time, through successive stages of maturity, characterized 
by an all-aged structure with a constant basal area. The 
climax forest is represented by this type. The second type 
is the mature first generation of conifers, which is merely 
a temporary phase, eventually leading to the climax state if 
undisturbed.
The Lake Bolean region of interior British Columbia is 
the site of relatively even-aged stands of the spruce-fir
8
type (Smith, 1954). Smith stated that some of these stands 
have advanced spruce-fir reproduction.
Stettler (1958), also working in interior British 
Columbia, stated that the old growth spruce-fir stands are 
of an all-aged structure.
In northern interior British Columbia, Glew il963) 
reported both even-aged and uneven-aged stands of spruce-fir. 
He stated that serai even-aged stands are the result of 
secondary succession after fires. Uneven-aged stands are 
the result of succession becoming more like the climax 
community type. The conversion of types is accomplished by 
the progressive dropping out of old individuals.
Costing and Reed (1952), in the Medicine Bow Mountains 
of Wyoming, suggested an uneven-aged structure. They stated 
that the stands are uniform in appearance, but exhibit large 
age-class variations. Extensive stands of very similar 
understory vegetation, composed mainly of Vaccinium scoparium 
iLeib.), give the appearance of uniformity.
The Battlement Mesa Forest Reserve (Grand Mesa National 
Forest, Colorado) is composed of an all-aged spruce-fir 
stand (Spencer, 1915). Spencer stated: "All ages are
represented in these stands and the areas occupied by the 
different age-classes are in fairly proper proportions". 
Spencer's view is old but has merit because of man's limited 
disturbance at that time.
Hornibrook (1941), while working on yield tables for 
spruce in Colorado, indicated large variation in tree ages 
at diameter at breast height. The total range is approxi­
mately 100 years, on 40 individual one-acre plots throughout 
the type. Hornibrook also noted a lack of spruce reproduction 
in the type in Colorado. In a later publication (1942) he 
interpreted the stands as being "broad-aged" but occurring 
as an aggregate of even-aged groups.
On the White River Plateau of Colorado, Miller (1970) 
reported the stands were of even-aged structure, but were 
composed of two even-aged groups. The two groups consisted 
of a tall old canopy shading a shorter younger group.
In the South Central Rockies, three researchers, Dixon 
(1935), Mielke (1950), and Miller (1970) cited the Engelmann 
spruce beetle, Dendroctonus engelmannii (Hopk.), as being 
the agent that brings about catastrophic changes in age- 
class structure. Miller believed that systematic replacement 
of the older canopy by younger stories occurred because the 
beetles kill the oldest trees only at intervals of 100-200 
years. Dixon (1935) also estimated that an Engelmann spruce 
beetle epidemic had apparently destroyed nine-tenths of the 
older spruce on Boulder Mountain of the Aquarius Plateau in 
southern Utah. She then postulated: "What will happen if
the mature spruce is completely killed"? I think Miller
(1970) has answered her question if the two areas are
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similar, assuming there was an understory established before 
the infestation. Mielke (1950) referred to the same beetle 
attack on the Aquarius Plateau as did Dixon and stated at 
the time of infestation (1917) the trees were uneven-aged 
with the oldest about 325 years.
Pfister (1972J has also worked on the Aquarius Plateau, 
developing a vegetation classification system for the sub­
alpine vegetation of Utah. He stated that the spruce-fir 
types of the plateau appear to have a characteristic all-aged 
structure, based on diameter distributions. He cited four 
factors which have a significant role on stand dynamics -- 
fires, windthrow, bark beetles, and root rot. These factors 
are acting periodically and dynamically, removing individuals 
and thus providing openings for regeneration.
The variability of the age-class structures in the 
spruce-fir type over its natural range leads to variability 
in silvicultural recommendations to managers. Alexander
(1971) has described old growth stands in relation to 
applicable cutting methods in Colorado. He divided the 
stands into four categories: single-storied, two-storied,
three-storied, and multi-storied. He then proposed by 
category initial partial cutting recommendations to provide 
and maintain permanent high forest cover where necessary.
The previous literature review indicates one central 
point in relation to age-class structure in the spruce-fir
11
type. Namely, age-class structure depends upon the specific 
location and environmental conditions affecting each site.
CHAPTER III 
STUDY AREA DESCRIPTIONS 
Clayton Stand
Location
The Clayton stand is located in the center of the 
Aquarius Plateau of the Dixie National Forest in southern 
Utah (figure 1). Specifically, the sample points data were 
collected in sections 1,2,11 and 12 of Township 33 South, 
Range 1 West, Salt Lake Meridian. The elevation of the 
study area is approximately 10,300 feet. The data were 
collected in close proximity to the Clayton Springs Timber 
Harvest in order to correlate Engelmann spruce regeneration 
studies and this study to immediate silvicultural problems 
(Appendix A).
Environmental Conditions
The Clayton stand is a representative of the Abies 
lasiocarpa/Ribes montigenum habitat type, Ribes montigenum 
phase (Pfister, 1972), ranging in elevation from 9,300 to 
10,600 feet. This habitat type constitutes about one-half 
the subalpine forest in the state.
12
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The Ribes montigenum phase represents the most severe 
climatic conditions in the habitat type. Temperatures are 
generally very cold. The growing season can be expected to 
last from approximately the first week in June until the 
first week in September. Frost could be expected anytime 
of the year. During the summer of 1969, the maximum and 
minimum air temperatures were 74°F. and 18°F., respectively 
(Hanley and Pfister, 1971). Precipitation is unevenly 
distributed throughout the year, with January and February 
receiving the most winter amounts (Brown, 1960). The summer 
precipitation follows a similar pattern almost every year.
June tends to be a dry month with clear skies and cold nights, 
July and August are characterized by almost daily severe 
thunderstorms which often include hail. The Aquarius Plateau 
receives summer precipitation from two major sources: oro­
graphic lifting and thunderstorm activity due to an unstable 
adiabatic rate (Farmer and Fletcher, 1971). Hanley and 
Pfister (1971) have stated that high solar radiation inten­
sity, high soil surface temperatures, frequent summer frosts, 
and rapid soil surface drying prevent rapid conifer repro­
duction in clear cut patches adjacent to the Clayton stand.
The Clayton stand is composed of three major tree 
species: Engelmann spruce, subalpine fir, and quaking aspen,
Populus tremuloides (Michx.). The overstory is dominated by 
spruce, with some alpine fir in the lower portions. Aspen
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is represented as a uniform story occurring as clones in 
a spotty fashion.
The visual appearance of the ground surface is charac­
terized by small to medium sized boulders scattered through­
out the stand and adjacent meadows. Intermingled with the 
boulders are slowly decomposing downed snags and branches. 
Downed subalpine fir is usually the result of root rot 
fungus, Fomes annosus (Pfister, 1972). The downed material 
is not severe however, and very little of it is seen from a 
distance due to the very shade tolerant crowns of the species 
Frykman (1958) has reported that the aspen suffers from 
severe heart rot, Fomes ignarius, and sunscald.
The soils of the Clayton stand are of a gravely loan 
type derived from andésite parent material (Pfister, 1972).
Deer Hollow Stand
Location
The Deer Hollow stand is located on the southwestern 
edge of the Markagunt Plateau of the Dixie National Forest 
(figure 1 and Plate I). The location is approximately 70 
air miles southwest of the Clayton stand. Specifically, the 
sample point data were collected in Section 1, Township 38 
South, Range 9 West; Section 6, Township 3 8 South, Range 8 
West; Section 35 and 36, Township 37 South, Range 8i West;
15
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PLATE I - Aspen in Fall Colors 
on Markagunt Plateau
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and Section 36, Township 37 South, Range 9 West, Salt Lake 
Meridian, Utah. The sample points are in close proximity 
to the Deer Hollow Timber Harvest for correlation to 
regeneration studies on the site (Appendix A).
Environmental Conditions
The Deer Hollow stand represents a more moderate climate 
than the Clayton stand, as identified by the Abies lasiocarpa/ 
Berberis repens habitat type, Ribes montigenum phase (Pfister, 
1972). Daily maximum and minimum air temperatures were some­
what higher than at Clayton during the summer period of 1969, 
with 85°F. and 25°F. being recorded (Hanley and Pfister,
1971). Frost could still be expected at anytime during the 
growing season. The summer precipitation pattern is very 
similar to that at the Clayton stand. The thunderstorms of 
Deer Hollow differ somewhat from those at Clayton in that 
they develop more rapidly and usually contain more rain per 
storm. The intensity (amount/unit time) is usually high.
The total precipitation at Deer Hollow over the course of a 
year is higher than at the Clayton stand. Snow accumulation 
is variable with maximums reaching up to 12 feet by the end 
of March. Snow is usually still evident in patches and 
microsites well into June. Hanley and Pfister (1971) have 
reported that high soil surface temperatures, frequent summer 
frosts, rapid soil surface drying and soil (mud) movement 
hampers conifer reproduction on the site.
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The Deer Hollow stand is composed basically of three 
tree species: Engelmann spruce, subalpine fir, and quaking
aspen, with some lesser amounts of Douglas fir, Pseudotsuga 
menziesii (Mirb., Franco) and limber pine, Pinus flexilus 
(James).
The visual appearance of the Deer Hollow stand is very 
similar to that of Clayton from a distance, but not by close 
inspection. The soil type is a stoney clay loam derived 
from Wasatch limestone (Pfister, 1972). This soil type has 
a very bright orange-red color in contrast to the dull brown 
color at the Clayton stand. Cracking clay is evident in 
dry periods, while considerable surface soil movement is 
evident after high intensity storms. The stand is very 
clean looking, as compared again to the Clayton stand. Wind- 
throw is noticeable along clearcut edges but it does not 
appear to be serious.
CHAPTER IV 
EXPERIMENTAL METHODS 
Field Methods
The locations of the sample point centers were derived 
by a separate method for each stand due to previous timber 
harvests in the immediate areas which altered the uniformity 
of the stands. All sample point locations were established 
as much as possible in undisturbed areas, with the exception 
of past grazing. All other field procedures are identical 
for each stand. The objectives of the sampling scheme were 
to obtain approximately equal numbers of trees per species 
per size class and to make the data collection as efficient 
as possible in the field.
Clayton Stand
Three reference points were selected in the general 
stand area to serve as location references to the ten sample 
point centers. The three reference points were located 
along the main forest road, which traverses the stand. Each 
reference point consisted of a white plastic pipe driven into
18
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the ground. Attached to each pipe was an aluminum tag with 
the following inscription: U.S.F.S. INT. Exp. Sta. Project
1 2 0 4 - 5 5 4 - 2  6 / 7 2 .
Sample point centers were selected systematically 
throughout the stand to include any natural variation that 
might have occurred in age-class structure or species compo­
sition due to microsite conditions. Ten potential locations 
for sample points were selected from old aerial photographs, 
which did not show recent activity, by the following criteria; 
(1) locations that were potentially assured of a spruce-fir 
composition were selected, aspen clones were omitted, and (2) 
areas of known logging activity were omitted. The potential 
sample point by scaling distance and measuring bearing with 
a protractor on the photograph. The potential sample point 
center became a true sample point after the point was located 
on the ground unless it fell in an area of great man-made 
disturbance, i.e., a clearcut. A new sample point was 
located for each one that was rejected.
Deer Hollow Stand
Location of the sample point centers at Deer Hollow 
followed a more mathematical approach to randomization of 
location because of the uniformity of clearcut strips 
throughout the stand. A random numbers table was employed 
three times for each location in the following manner:
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(1) two units were used for clearcut strip location (by 
number), (2) one unit was used to determine if the sample
point center was located northeast (even) or southwest (odd) 
of clearcut strip obtained in number 1, (3) two units were
used to determine the distance down the strip to exact 
location. Odd units were used in the distance procedure to 
eliminate the possibility of plot overlap (Appendix A). 
Elimination of the potential sample point center was based 
only on two criteria: (1) if the point fell outside a
spruce-fir type, and (2) where man-made influences altered 
the age-class structure or species composition enough to 
distort the sample. An eliminated sample point center was 
replaced by moving one strip to the northeast.
Sample Point Descriptions and Methods
Three concentric circular plots were laid out at each 
sample point center. A plastic pipe was installed at the 
center with the same aluminum description tag as noted 
before, plus a sample point number tag. The concentric 
circular plots were of 1/100, 1/20, and 1/10 acre in size 
(Appendix B). The diameter and the relative position of the 
tree from the center determined if it was considered a 
"count" tree. In other words, the larger the tree, the 
farther it could be from the center and be counted, (up to 
the maximum plot radius). The diameter measurements were
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obtained at one foot in height. The array of plot size to 
tree size class by species is as follows:
Engelmann Subalpine Aspen and
SIZE CLASS Spruce Fir Others
CIRCULAR PLOT SIZE (ACRES)
1' ht. to 2" dia. 1/20 1/100 1/20
2" dia. to 6" dia. 1/20 1/20 1/20
6" dia. to 10" dia. 1/20 1/10 1/10
10+" dia. 1/20 1/10 1/10
Once the "count" trees were determined they were 
numbered and recorded on the data sheet by species and plot 
size. Age determinations of each tree followed two methods 
determined by the size of the tree. For all trees over two 
inches in diameter increment cores were extracted at one 
foot in height. The trees in the smallest class were sheared 
of at the ground line and at the one foot height level. The 
seedlings, less than one foot in height, were tallied by 
species only. No attempt was made to age them.
There were 6 87 trees aged during the course of this 
study. Increment core analysis accounted for 477 of the 
total, while 200 cross sections were also counted. Ten 
stumps were aged in the field. An additional 115 seedlings 
were tallied in the sampling procedure.
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One Foot Height-Age Correlations
In order to arrive at total age of a tree the annual 
rings must be counted at ground line height. The counting 
at this height is a difficult task however. In order to 
estimate the total age from the age at one foot in height 
a sample would have to be taken at both heights. Thus, 
annual rings were counted at both ends of the one foot long 
sections, described above, to determine the length of time 
in years required to reach one foot in height by species.
Site Index Measurements
Three dominant Engelmann spruce were selected at or 
near each sample point to measure the site productivity.
Age at D.B.H. and the total height are the parameters that 
were measured for fitting into the site curves (Alexander, 
1967).
Laboratory Methods
Increment Core Counts
All increment cores were counted on a device used for 
counting tree rings. Incremental annual ring distance was 
also measured to a precision of 0.01 mm., for possible future 
use. The age of cores which slightly missed the pith was 
estimated up to five years.
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Rot Percentage
Each increment core was inspected for any evidence of 
brown rot fungus. Rot percentage was calculated by counting 
the number of rotten cores per acre divided by the sount 
number of cores, of trees one inch and over in diameter per 
acre. No attempt was made to calculate the degree of 
severity of rot for individual trees.
CHAPTER V
RESULTS AND DISCUSSION - AGE-CLASS STRUCTURE
One Foot Height-Age Correlation
Previous researchers that have worked on age-class 
structure determination in the spruce-fir type have not 
used total age as the basis for their models (Hornibrook, 
1941; Mielke, 1950; Miller, 1970; and Day, 1972). These 
researchers have selected a constant height to measure age. 
By selecting a constant height, the assumption of a uniform 
growth rate to that height is required. Inferences made 
about the age distribution are then based on this assumption 
and not on the actual total age. In this study, estimated 
total age was used as a basis for the age-class distribution 
model. The total number of years required for a tree to 
grow to one foot in height was determined for each of 200 
seedlings throughout the study areas. Modal values were 
calculated by species and location. A median or mean value 
would have weighted the result toward the very suppressed 
individuals, while using only the best would have favored
24
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the fastest growing trees. The range is large, from under 
5 years to 66 years for Engelmann spruce and from under 5 
years to 65 years for subalpine fir. The species modal value 
was added to the increment core age to arrive at total age.
To my knowledge no previous study has used this approach to 
the problem. The modal values are:
SPECIES CLAYTON STAND DEER HOLLOW
lyears;
Engelmann spruce 9 s=ll 10 s-8
Subalpine fir 8 s=7 10 s-12
An overview of past literature on spruce and fir seed­
ling ageing studies reveals a large variation in juvenile 
growth (DeGrace, 1950; Stettler, 1958; Alexander, 1958a,
1958b; and Smith and Clark, 1960). Specifically the follow­
ing can be summarized: (1) the wide range of values expresses
the microsite conditions of the stand and also shows the 
great periods of time both species may be suppressed; (2; the 
range of ages varies considerably throughout the natural 
range of the type; and i3j the modal ages obtained in this 
study are realistic values.
Diameter Distributions
The traditional first step in reporting the age-class 
structure of a stand is to assume there is an excellent 
correlation between age and diameter. That is to say the
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smaller trees are the youngest and the larger trees are oldest 
in the stand. Initially this paper will take the same point 
of view.
Baker (1950) defines even-aged and uneven-aged stands 
and the differences between them by the use of "stand graphs". 
A stand graph is a graphical presentation of the diameter 
distribution with the diameters entered on the abscissa and 
the number of trees per acre on the ordinate. Baker also 
uses these graphs to define the intermediate age structures 
for various stands. Baker describes the curves of an even-
aged and an all-aged stand as follows :
Even-aged - "The bell-shaped curve of the even-aged
stand is virtually the same as the so- 
called 'normal probability' curve, 
indicating that the trees develop 
essentially according to chance. The 
standard deviation is often about one- 
fourth to one-third of the mean diameter 
of the stand".
All^aged - "The normal form of the all-aged stand
is more difficult to determine. . . .
The curve appears to be logarithmic,
however, and when plotted with the tree 
diameters on an arithmetic scale and 
numbers per acre on a logarithmetic 
scale, all-aged stands yield a pencil 
(Cluster) of straight line curves".
The stand graphs for each location are given in figures 
2 and 3. These graphs contain a family of curves to illus­
trate differences in diameter distribution between species.
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Examination of the Clayton stand graph reveals a down­
ward sloping "J" shaped curve which closely approximates a 
negative logarithmic curve for both Engelmann spruce and 
subalpine fir (figure 2). The aspen curve, however, 
approximates a bell-shaped curve with maximum amplitude at 
approximately six inches diameter. Small scale variations 
will be explained in the following section.
The Deer Hollow diameter distribution curve also appears 
to follow a downward logarithmic type for spruce and fir 
(figure 3). The aspen is markedly different. Basically, it 
shows large numbers of seedlings (sprouts) and a rather 
uniform distribution of larger diameters.
The same relationships of the diameter distributions 
are given in figures 4 and 5, as stem distribution percent. 
The spruce and fir at both stands give similar results using 
the absolute, trees/acre, or the relative, percentage of 
stems, as the ordinate. The exception comes in the aspen. 
Note the high percentage of 5-7 inch classes. (The aspen 
curve at Deer Hollow, figure 5, has been omitted because 
virtually all of the stems fall into the 7-10 inch diameter 
classes).
What has been reported so far tells us only that the 
Engelmann spruce and the subalpine fir are widely distributed 
by diameter classes in both stands and that the aspen has a 
very limited diameter distribution in both stands. Do these
30
Figure 4 - Clayton Stand Stem Distribution Percentage
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Figure 5 - Deer Hollow Stem Distribution Percentage25
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diameter distributions suggest that the spruce and fir are 
uneven-aged and possibly all-aged, and the aspen is even- 
aged? A superficial knowledge of Baker's stand graphs 
would indicate these results in structure. However, under­
standing of the actual relationship between age and diameter 
must be known if the diameter distribution graphs are 
representative of actual age-class distribution graphs.
The following sections will report on the relationships 
between age and diameter followed by the actual age-class 
distribution of both stands.
Age-Diameter Relationships
Age-diameter relationships are usually highly correlated 
in most forest stands. This high correlation is almost 
always assumed by foresters. Past literature on age-diameter 
relationships is very limited. Hough (1932) determined the 
diameter distribution of hardwood species in Pennsylvania.
He determined by age counts the relationship between age and 
diameter by species. He concluded that the age-diameter 
relationship was positively correlated for most of the 
species. An overall age-diameter correlation for all species 
was found to be weak. From these age-diameter relationships 
he concluded that the eastern hemlock, Tsuga canadensis (L.j 
Carr., was all-aged, the eastern white pine, Pinus strobus
33
(L.), was even-aged, and the sugar maple, Acer sacharum
(Marsh.), was uneven-aged, but not all-aged. The important
facts brought to mind in this study are that the different
species in the stand have different degrees of positive
correlation between age and diameter and that the inference
made about each species may be different from one another
concerning age-class structure.
Statistical regression techniques were applied to the
spruce and fir at both locations to determine if a positive
correlation existed between total age and diameter. The
regression analysis was also used to determine quantitively
the correlation between the two parameters (figure 6;. The
similar best fit curves are reported here. A series of
possible curves in a "Curfit" program on a computer was used
for the analysis. There is a good correlation between age
and diameter for each species at both areas. The coefficient
2of determination or R values represent the degree to which 
the variation of the predicted dependent variable is
correlated to the independent variable. The Engelmann spruce
2curve resulted in an R of 0.759 for the Clayton stand, and 
an R^ of 0.641 for the Deer Hollow stand. These values are 
relatively high in accordance with natural variation in 
biological data applications. The subalpine fir was tested 
by a linear regression program. The r^ values for these 
data sets are considerably lower than the spruce sets.
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The coefficient of linear determination for each stand was 
less than 0.350.
Large diameter trees could be estimated for age-class
accuracy better than the smaller trees. This inconsistency
was found especially true in the subalpine fir at Deer
Hollow where much vegetative reproduction by layering is
evident. To test the relationship, data for both spruce and
fir at each location was stratified into three diameter
groups: less than and equal to 2.0 inches; 2.1 to 7.9
inches inclusive; and equal to and greater than 8.0 inches
(figures 7 and 8). Independent linear regression analyses
for age and diameter were run for each of the twelve groups
of data. In every case the coefficient of linear détermina-
tion or r values increased from the small diameter group up
through the largest group. This relationship is especially
2evident for the subalpine fir at Deer Hollow, with r values 
increasing from 0.661 for the small diameters to 0.907 for 
the largest diameters. The increase indicates better 
reliability in the prediction of diameters in the older tree 
groups.
The age-diameter analyses presented show a good relation­
ship between the variables. For all spruce data we can 
account for two-thirds to three-fourths of the natural 
variation. Once the data was stratified we can account for 
up to nine-tenths of the natural variation in the large 
diameters.
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Figure 8 - Deer Hollow Stand Diameter Group Regression
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Does this tell us we have a good enough age-diameter 
relationship to be able to equate diameter distribution 
models to age-class models? The answer to this question is 
yes. Yes, with reservations, as will be presented in the 
following section which presents the actual age-class distri­
bution for each stand.
Age-Class Distribution
Age-class structure is a relative attribute of the 
stand. Even-aged and all-aged are the theoretical end 
points to man's classification of stand structure. For this 
reason, the determination of age-class structure is a matter 
of interpretation. Interpretation of age-class distribution, 
coupled with the researcher's knowledge of the secondary 
successional trends acting on the stand, influence his 
decision. Knowledge of the silvical characteristics of the 
species is often required to help explain distortions from 
known mathematical models. The farther the actual age-class 
distribution curve differs from known curves the more under­
standing is required for a justifiable interpretation. Keep 
in mind also that age and diameter distribution graphs are 
a "still picture" of a dynamic system.
Clayton Stand
Engelmann spruce shows a decreasing function curve 
characteristic of uneven-aged structure (figure 9).
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Furthermore, the Engelmann spruce is all-aged. Many 
researchers, have stated that the all-aged stand is rare 
throughout the spruce-fir type (Jones, 1945; Baker, 195 0; 
LeBarron and Jemison, 195 3; and Alexander, 1958b, 1963,
1971). I agree, but not for this high plateau of southern 
Utah. However, the stand is not perfectly regular. There 
appeared to be waves of spruce reproduction 50 and 130 years 
ago. Reproduction waves are normal conditions of a dynamic 
system as Alexander (1963) remarks: "The fluctuation in
numbers of seedlings is characteristic of old growth 
Engelmann spruce-subalpine fir stands. More reproduction 
becomes established during favorable climatic and seed 
producing years than can survive". The waves are also not 
large enough to constitute an even-aged storied forest.
Jones (1945) stated that the all-aged "selection forest" of 
Europe is usually found where tolerant species are in 
equilibrium with a severe climate. The Clayton stand 
possesses both of these characteristics.
The subalpine fir of the Clayton stand is uneven-aged, 
but not all-aged. The large number of trees present in the 
30, 40, and 50 year age-classes indicates abundant repro­
duction during these time periods. Remember that Dixon (19 35) 
and Mielke (1950) reported an Engelmann spruce beetle 
epidemic on the Aquarius Plateau from 1917 to 1920, that 
they said removed the large dominant spruce. However by the
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presence today of only occasional stumps and dead snags, I 
do not believe a large portion of the spruce overstory was 
removed. The overstory disturbance that did occur had a 
marked affect on subalpine fir reproduction during this 
period. Thus, the subalpine fir unaffected directly by the 
beetles, had a 30 year period of favorable reproduction. 
Layering of subalpine fir was probably abundant. Additionally, 
the long tail of the curve (70 to 160 years) indicates that 
subalpine fir is able to maintain itself under the canopy, 
expressing uneven-aged conditions.
The third species, aspen, displays a very limited 
diameter distribution ^figures 2 and 3). Diameter distribu­
tion must be used for this species because of the lack of 
sound increment cores available. The clones appear to be 
generally from 40 to 70 years old, with a few older scattered 
individuals. Most trees in each clone appear to be nearly 
the same age even though different clones are slightly 
younger or older as a group. The result is a series of even- 
aged aspen clones intermingled with the uneven-aged conifer 
stand.
Deer Hollow Stand
The Deer Hollow stand exhibits an uneven-aged distribu­
tion (figure 10). Interpretation of the graphs is necessary 
because of more variance from known models. The Engelmann
Figure 10 - Deer Hollow Stand Age-Class Distribution
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spruce is uneven-aged as shown by the wide distribution of 
age-classes. Fluctuations, notably at 160 and less than 20 
years ago, indicate that a few of the age-classes are poorly 
represented. By definition, the spruce is in fact all-aged. 
The all-aged condition is however a theoretical end point 
to man's classification scheme thus, it is open to interpre­
tation. For this reason the Engelmann spruce is all-aged 
but not as perfectly all-aged as the Engelmann spruce in the 
Clayton stand.
The subalpine fir appears to conform to known even-aged 
models if one only considered the 40-70 year age-classes. 
However, the subalpine fir does not fit the even-aged 
definition. The subalpine fir is thus uneven-aged but 
definitely not all-aged. The large number of young seedlings 
established recently and 40 to 70 years ago indicates that 
the fir apparently reproduces in large waves under favorable 
conditions in addition to uniform and sometimes irregular 
establishments at other times. If the conditions of a 
favorable environment continue to occur with regular period­
icity a multi-storied stand would develop. Yet, no canopy 
stratification is evident.
Aspen age-class structure is similar to the structure 
in the Clayton stand. The notable exception is that the 
clones tend to be much larger in size. The average ages 
range from 30 to 70 years. The clones tend also to be less
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mixed with conifers indicating a possibility of early serai 
stages.
Subalpine fir and aspen had periods of good reproduction 
approximately 50-60 years ago. The subalpine fir apparently 
developed under a spruce canopy and the aspen became estab­
lished where portions of the canopy could have been completely 
destroyed. Engelmann spruce also shows a slight increase 60 
years ago. The mortality factors which normally remove 
individuals from the canopy do not appear to be acting here 
as vigorously as at Clayton. The build up of subalpine fir 
takes almost thirty years then slowly tapers down to low 
levels. Broad climatic conditions could be responsible for 
this type of curve.
In summary, the age-class structure at Deer Hollow is 
very complex. Interpretation of the age-class distribution 
curve and knowledge of the silvical characteristics of the 
species are necessary to arrive at a reasonable solution.
Diameter Distributions and Age-Class Structure
Can diameter distributions be used to make inferences 
about age-class structure? This question was answered yes, 
with reservations, in an earlier section. The diameter 
distributions as used by Baker (1950) and others have 
indicated uneven-aged structure. As we now have shown.
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this assumption is correct. The additional assumption that 
the species are all-aged could not be substantiated for the 
subalpine fir. Therefore, diameter distributions are useful 
tools when applied to Engelmann spruce, but not so useful 
for overall stand conditions.
Concluding Remarks on Age-Class Structure
As one examines the age-class distribution graphs for 
both areas a lack of seedlings is quite evident in one age- 
class, less than 20 years (figures 9 and 10). Assuming the 
experimental method in this study did not bias the results, 
three possible reasons for a lack of trees in this class 
are suggested:
The climate in the past twenty years may have been 
unfavorable for seedling establishment. Remembering that 
the climates are severe at both stands, conditions must be 
favorable for establishment.
Seed crop failure may result in the lack of tree estab­
lishment. Boe (1954) has studied cone crop periodicity for 
five Montana conifers, including Engelmann spruce, and 
rated the crops as good, fair, or poor from 1908 to 1953. 
Engelmann spruce accumulated only five good years with the 
longest time period between two good years as 22 years. 
Therefore, it is possible that in the past twenty years a
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good seed crop may not have been produced in sufficient 
quanities to assure representation in the sample collection. 
Additionally, Curtis (1958) studied germination capacities 
of Engelmann spruce and reported that some of the 1955 
seed from the Fishlake and Dixie National Forests were 
infested with unidentifiable insects which lowered the 
viability.
Accumulated affects of grazing by wildlife and domesti­
cated livestock is another possible explanation of the lack 
of seedlings in this time period. Loveridge (1924) compared 
heavily grazed areas of the Carson National Forest with an 
adjacent fenced area closed to sheep in the spruce-fir type. 
He found eight significant observational differences between 
the two areas of which the following are the most applicable 
to this study: spruce reproduction is almost nonexistent;
spruce that do survive are trimmed and pruned; and aspen 
reproduction is heavily pruned. The area closed to grazing 
had opposite results. The Deer Hollow stand is susceptible 
to this type of injury as the trees are scattered, permitting 
sheep to enter the stand. On numerous occasions I have 
witnessed large bands of sheep resting and feeding under the 
spruce canopy. Moderate cattle grazing could have the same 
results at the Clayton stand.
CHAPTER VI
RESULTS AND DISCUSSION - SPECIES COMPOSITION
Clayton Stand
The Clayton stand consists of approximately 750 spruce 
stems per acre, 975 subalpine fir stems per acre, and 140 
aspen stems per acre (table 1). The three species consti­
tute 40.1, 52.4, and 7.5 percent respectively of the total 
number of stems. Percentage basis is quite misleading as
far as the appearance of the stand is concerned. The
appearance of the stand is that of an almost pure spruce 
stand (Plate II). This appearance is caused by dominant 
position of spruce in the overstory and the larger diameter 
sizes attained. The long wide shade tolerant crown of the 
individual spruce hide the smaller more cylindrical crowns 
of the subalpine fir. Aspen accounts for only 7.5 percent
of the stems but this figure is also misleading, as the
light colored bark, bright green constantly moving leaves, 
and close proximity of individual trees to each other give 
the impression of a much greater density. The uniform dark
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TABLE 1 
SPECIES COMPOSITION
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Tree
Species
Sound
trees/acre
Trees/acre 
with 
some rot
Rot percentage
byspecies
Total 
trees 
per acre
Percentage 
of total 
by species
CLAYTON STAND
(Trees Per Acre)
Engelmann
Spruce 710 36 10.9 746 40.1
Subalpine fir 954 21 10.3 975 52.4
Aspen 37 102 85.7 139 7.5
1701 159 24.3 i860 100.0
DEER HOLLOW STAND
(Trees Per Acre)
Engelmann
Spruce 298 10 5.2 308 20.5
Subalpine fir 1012 30 8.0 1042 6^^
Aspen 131 16 94.1 147 9.7
Limber pine 6 2 2 5 .0 8 0.5
Douglas-fir 1 0 0 1 0.1
1448 58 12.9 1506 100.0
Note: Rot percentage by species Is based on the number of trees/acre
by species 1 inch and larger in diameter.
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PLATE II - Typical View of Stand 
From Natural Opening
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green spruce-fir mixture intermingled with bright green or
gold aspen clones and light green natural meadows appear
as a mosaic over the terrain (Plate III).
Hansen (1940) and Osting and Reed (1952) have reported
a similar appearance of the spruce-fir type in the Medicine
Bow Mountains of Wyoming.
Spruce and fir have large numbers of seedlings in
relation to larger sizes (table 2). Engelmann spruce of one
inch and less in diameter constitutes 56 percent of the
spruce density, or 418 stems per acre. Subalpine fir of one
inch and less in diameter constitutes 79.2 percent of the
fir stem density or 772 stems per acre. Fir outnumbers
spruce almost 2 to 1 in the small sizes.
Subalpine fir reproduction by layering is a unique
characteristic. Large mats of fir, sometimes up to 20 feet
across, are formed by this vegetative reproduction process.
Cooper (1911) discussed vegetative layering of conifers,
among them subalpine fir, as he stated:
"Alpine fir frequently exhibits a tendency to reproduce 
by layering. The lower branches, which are procumbent, 
become covered with earth, roots are produced, and the 
branches increase in size and assumes an upwards curve. 
It is doubtful, however, if the tree ever actually 
reproduces itself in this manner. The tendency becomes 
more apparent with increasing altitude, the main trunk 
becoming shorter, while the layered branches form a 
saucer like whorl at its base".
I agree that subalpine fir rarely reproduces itself by
layering, but in some instances on these plateaus it does
51
PLATE III - Mosaic Pattern of Aspen Clones 
in Spruce Stand
TABLE 2 
CLAYTON STAND BASAL AREA
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Diameterclass
Numberof E•S• per acre
E.S.
basal area 84.ft̂
Numberof S•A•F• per acre
S.A.F.
basalareasq.ft.
Number of aspen per acre
Aspen basal area - sq.ft.
Total number of stems per acre
Totalbasalareasq.ft.
<r ht. 
1”
1"
2"
3
4
3
6
7
8 
9
10
11
12
13
14 
13 
16
17
18
19
20 
21 
22
23
24 
23 
23+
250
118
30
38
28
20
18
18
18
10
10
24
6
14
14
20
6
14
4
8
8
12
2
4
6
4
2
0
0.165
O.615
1.978
1.870
2.208
2.970
4.147
3.322
3.941
4.922
14.431
4.328
11.931
13.916
22.934 
7.862
20.789
6.681
14.934 
16.591 
27.505
5.042
11.045
18.073
13.096
7.093
0
450
230
92
66
40
26
28
16
5
6 
3 
6 
1 
3 
1 
0 
1 
0 
0 
0
0
1 
0 
0 
0 
0 
0 
0
0.322
1.132
2.251
2.672
2.870
4.620
3.684
1.334
2.363
1.477
3.608
0.721
2.337
0.994
;0
1.310
0
0
0
0
2.292
0
0
0
0
0
0
20
0
0
2
6
8
22
36
16
7
7
7
3
3
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0.068
0.401
0.883
3.630
8.294
4.909
2.739
3.445
4.209
3.606
2.557
720
348
142
126
74
54
68
70
39
23
20
37
12
20
15
20
7
14
4
8 
8
13
2
4
6
4
2
0
0.487
I.7 47  
4.297 
4.943
5.961
11.220
16.125
11.965
9.065
9.844
22.248
8.655
17.045
14.910
22.934 
9.172
20.789
6.681
14.934
16.591
29.797
5.042
II.045
18.073
13.096
7.093
0
746 244.589 973
Basal area stand total 
ES 78.0^SAF 10.9%
ASPEN 11.1%
34.409
313.739 Sq,
139
ft.
34.761 i860 313.739
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form larger independent trees. The rate at which these 
trees grow is exceedingly slow, up to 100 years to reach 
1 inch diameter near the ground.
The aspen clones act as "nurse crops" for conifer 
reproduction. The overstory of the clones are dominated 
by aspen, with remnant individuals of spruce and fir. The 
conifers reproduce well in microsites under the aspen. 
Subalpine fir outnumbers the spruce by about 2 to 1 because 
of its less exacting seedbed requirements (Roe et al., 1970). 
The conifers will eventually succeed the aspen if the stand 
is undisturbed.
Stem Density vs. Basal Area
Engelmann spruce accounts for over seven times the 
basal area than subalpine fir (figure 11). The basal area 
per acre for spruce and fir are 244 and 34 square feet 
respectively (table 2). Larger diameters attained by the 
spruce, even though few in number, account for much of this 
difference (Plate IV). The aspen accounts for 11.1 percent 
of the basal area and 7.5 percent of the stem density. Aspen 
achieves a higher basal area because of the large proportion 
of 5-7 inch trees. The subalpine fir represents 10.9 percent 
of the basal area and 52.4 percent of the stem density 
indicating a large proportion of these stems are small.
Figure 11 - Clayton Stand Basai Area
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PLATE IV - View of Stand Interior 
on Aquarius Plateau
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Heart Rot and Root Rot Conditions
All the tree species at the Clayton stand suffer from 
various heart and root rotting fungi. The spruce tends to 
be the most resistant to the fungi with about 9 percent 
infected (table 1). Subalpine fir suffers from both heart 
and root rot fungi more intensively. Alexander (1958a) and 
Pfister (1972) have stated that this fungi is the main reason 
for subalpine fir windthrow and thus individual tree removal 
from the stand. The larger diameter classes of both spruce 
and fir are adversely effected by the fungus with spruce and 
fir being effected at the rates of 12.1 and 25.5 percent 
respectively for 10 inch diameter classes and larger. Aspen
is also characterized by large amounts of heart rot. Over
85 percent have large black knots, which indicate the pre­
sense of the rot. It is rare indeed to find an aspen over
eight inches in diameter that is not rotten1
Other Tree Species Present
The collection sample contained no other tree species. 
Bristlecone pine, Pinus aristata (Engelm.), and limber pine, 
Pinus flexilus (James), are present in different areas of 
the plateau occurring as edaphic species on limestone soil 
types.
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Deer Hollow Stand
The Deer Hollow stand contains a more diversified 
species mixture than does the Clayton stand as the result 
of a less severe environment. The stand is composed 
predominantly of subalpine fir, followed by Engelmann spruce, 
and quaking aspen, with limber pine and Douglas fir, occur­
ring as individuals (Table 1). Natural meadows are scattered 
throughout. The openness of this stand results in a clumping 
of the individual trees and in fullness of the tree crowns. 
Aspen sprouting is rapid and abundant following site distur­
bance. Aspen sprouts are over six times more plentiful than 
at Clayton. Subalpine fir is plentiful with over one- 
thousand stems per acre, many of them being layered (Table 
3). There are relatively few small Engelmann spruce as 
compared to the larger diameters. Large dominant spruce are 
evident throughout.
Stem Density vs. Basal Area
The basal area of the Deer Hollow stand is slightly 
less than that of the Clayton stand (Table 3). This stand 
contains 290 square feet with spruce and fir accounting for 
62.1 and 31.6 percent respectively (figure 12). The basal 
area of the fir is almost three times as high as the fir at 
the Clayton stand. The relatively large number of fir above 
10 inches in diameter accounts for this increase. Large
TABLE 3
DEER HOLLOW STAND BASAL AREA
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Number E.S. Number S.A.F. Number Aspen Number 
Diameter of E.S. basal of SAF basal aspen basal of other 
class per area per area per area species
__________ acre____ sq.ft. acre sq.ft. acre sq.ft. per acre
Other Total Total
species number basal
basal of stems area
area per acre sq.ft.
<1* ht.
1"
1"
2"
r
4
3
6
7
8 
9
10
11
12
13
14 
13 
16
17
18
19
20 
21 
22
23
24
23+
90
26
32
26
18
10
16
4
6
10
4
2
2
6
4
0
6
2
12
4
0
0
6
6
0
4
2
10
0.036
0.394
0.887
1.202
1.104
2.640
0.921
1.841
3.941
1.969 
1.203 
1.443 
3.113 
3.976
7.862
2.970 
20.044
7.467
13.127
16.376
13.096
7.093
63.390
330
340
140
62
10
38
30
19
9
9
7 
2
3 
6 
6
4
8 
3 
7 
3 
1 
2 
1 
0 
0 
0 
0 
0
0.476
1.722
2.114
0.668
4.193
4.930
4.378
2.761
3.347
3.445
1.203
2.164
3.113
3.964
4.387
10.483
7.424
11.692
3.600
2.074
4.584
2.521
130
0
0
0
0
0
0
0
0
308 180.295 1042 91.665
Basal area stand total - 
E.S. 62.1%:
S.A.F. 31.6%
Aspen 4.7%
Other 1.6%
0 330
0 366 .312
0 172 2.116
4 0.136 92 3.137
0 28 1.870
0 48 3.299
0 - 46 7.390
1 0.230 24 3.329
0 13 4.602
0.394 0 20 7.882
1.447 0 14 6.!%1
0.601 2 1.202 7 4.20^
3.606 1 0.721 11 7.934
2.537 0 13 12.783
0.994 0 11 10.934
1.147 0 3 3.734
1.310 0 13 19.633
1.485 0 8 11.879
0 19 31.736
0 7 13.067
0 1 2.074
1 2.292 3 6.876
0 - 7 17.648
0 6 16.576
0 - 0 0
0 4 13.096
0 2 7.093
0 10 63.390
13.541 9 4.381 I3O6 2?o.:'^
290.082 sq.ft.
<m
è
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numbers of small aspen are reflected by the fact that the
percentage of stems is greater than its percentage of basal
area. Large numbers of stems do not add appreciably to 
basal area. The basal areas of limber pine and Douglas fir 
are very low and thus reflect the individual occurrence of 
these species. One large pine was encountered which measured 
90 feet in height and 30.8 inches DBH with a straight clear 
bole for over 40 feet.
Heart Rot and Root Rot Conditions
Engelmann spruce and subalpine fir have over five and 
eight percent rot respectively- These proportions of rot 
are basically the same as the other stand (Table 1). Large 
spruce and fir have 12.1 and 25.5 percent of their stems 
infected with heart rot respectively. Virtually all aspen 
10 inches and larger in diameter will contain heart rot. 
Sunscald was evident on aspen boles, especially near the 
edges of clearcuts.
Site Index Results
The values obtained are calculated on a 100 year base 
age and are as follows :
Clayton Stand X = 64 
64 60
59 66 V  Average value for each sample^point
59 65
67 60
64 74
(Individual tree range 53-79
61
Deer Hollow Stand X = 66 
65 66
69 75 > Average value for each sample point
62 60 ( (Individual tree range 55-88)
72 60
60 60 J
The purpose of measuring site index was to put a quan­
titative index on the environment. Site index is a way of 
expressing the productive capacity of the forest site by 
species. This capacity is directly correlated with environ­
mental conditions present over long periods of time.
Clayton Stand Successional Stage
The Clayton stand represents the climax vegetation. The 
climax stand by definition is in equilibrium with its envi­
ronment. This stand appears to be at or near this equili­
brium. Graham (1941) expressed an opinion that two essentials 
are demanded of a climax species: (1) the species possess a
high degree of tolerance; and (2) the species possess the 
ability to reproduce in spite of a deep layer of duff and 
litter covering mineral soil. Subalpine fir fits this 
description well. Engelmann spruce, however, will not 
germinate on duff and litter as readily (Roe et al., 1970). 
Nevertheless, spruce is still a climax species because of 
the large areas of exposed mineral soil found throughout the 
old growth forest. Engelmann spruce reproduces on these
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favorable microsites. Therefore, Engelmann spruce and sub­
alpine fir are co-climax species in this stand. Pfister 
(1972) has also stated that the spruce and fir are co-climax 
species. He said that the Engelmann spruce is a climax 
species due to its longer longevity than the subalpine fir; 
and the fact that the spruce is regenerating in sufficient 
quantities to perpetuate itself. Pfister postulated that 
the Engelmann spruce is regenerating due to the exposure of 
mineral soil, which could be caused by heavy grazing during 
the past century. In my opinion, the mineral soil in the 
Clayton stand has always been present, as shown by the spruce 
establishment long before the introduction of livestock.
The Clayton stand is composed of a dominant overstory 
of all-aged Engelmann spruce. The subalpine fir, reproducing 
under the spruce canopy, is also a stable component of the 
association. Subalpine fir reproduces in waves, following 
removal of individual dominant Engelmann spruce from the 
overstory and beneath itself. The Engelmann spruce maintains 
its position in the overstory by a longevity of about 2 to 1 
over the subalpine fir. In other words, a subalpine fir may 
complete its entire life-cycle under the shade of an older 
larger Engelmann spruce.
Aspen, a serai species, occurs as even-aged clones. 
Clones become established after severe disturbances of the 
overstory. Local epidemic beetle populations, severe
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windthrow areas, and small localized lightning fires are 
possibilities of such disturbances. Conifer reproduction 
occurs beneath the aspen, eventually succeeding it.
Deer Hollow Stand Successional Stage
The secondary successional pattern of the Deer Hollow 
stand appears to be similar to the Clayton stand. Large 
aspen clones and the "wave like" nature of the subalpine 
fir reproduction appear to indicate more widespread distur­
bance in the stand. Retrogressive succession could have 
taken place of which the Deer Hollow stand is now recovering, 
Cline and Spurr (1942) summarize my opinion quite well:
"In general, the more severe any disturbance and the 
shorter the lapse of time since its occurrence, the 
greater is the difference in composition between the 
ensuing stand and the climax".
In summary then, this stand is approaching the climax, but
is not at the point at which one could say, "This is a
climax stand".
CHAPTER VII
SILVICULTURAL MANAGEMENT APPLICATIONS
The major purpose of this study was to determine the 
age-class structure of two spruce-fir stands. This know­
ledge is not the ultimate objective, however. An applicable 
silvicultural system, based on the age-class structure will 
be suggested.
Past researchers have prescribed silvicultural systems 
and harvest methods in the type (Boyd, 1952; Moss, 1960;
Lees, 1963; Roe and DeJarnette, 1965; Alexander, 1963, 1971; 
and Day, 1972). The afore-mentioned publications all have 
one common assumption on which to base their recommendations, 
namely, that the silvicultural system employed should 
resemble or mimic the natural ecological relationships of 
adjacent undisturbed stands. As a result of this assumption, 
the publications differ in their recommended guidelines. 
Partial cut or clearcut recommendations are both made depend­
ing on the study location.
An uneven-aged silvicultural system should be employed 
in the management of the Clayton and Deer Hollow stands.
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Specifically, a selection harvest method should be used with 
adequate slash treatment to assure successful natural 
reproduction. Drastic changes in the stand canopy will 
result in severe microsites, which prohibit seedling estab­
lishment.
The selection harvest method appears to be the most 
promising alternative to even-aged harvest methods, such as 
clearcutting, which has been practiced during the past 
decade. Partial cutting of the spruce-fir stands on the 
Dixie, especially Deer Hollow, could result in heavy wind­
throw if not properly applied, however. A harvest of 
individual trees based on crown area as one of the selection 
criteria could possibly reduce the windthrow. Partial 
cutting might reduce the risk of epidemic bark-beetle popula­
tions. The removal of large overmature individuals would 
reduce the number of favorable breeding trees (Massey and 
Wygant, 1954). On the otherhand, bark-beetle problems might 
be increased if windthrown individuals are not salvaged.
With proper logging and salvage operations, overall stand 
susceptibility to beetle attack might be lower than the 
virgin condition. In summary, the selection system appears 
to be the most favorable silvicultural system to be employed 
in these spruce-fir stands. A selection system could provide 
adequate protection to the site during all phases of manage­
ment activities.
CHAPTER VIII
SUMMARY
Knowledge of the age-class distribution in the spruce- 
fir forests of southern Utah is necessary to prescribe a 
silvicultural system compatible with the ecological require­
ments of the species. Engelmann spruce, subalpine fir, 
and quaking aspen are the primary species found on these 
high elevation sites.
An overview of spruce-fir literature indicates one 
central point in relation to age-class structure; age- 
class structure depends upon the specific location and 
environmental conditions acting on each site. The varied 
environmental conditions lead to variation in the type 
itself in regard to species composition, stand physiographic 
features, age-class structure, and secondary successional 
trends.
Two stands on adjacent plateaus were selected for age- 
class structure analysis. The Clayton stand on the Aquarius 
Plateau and the Deer Hollow stand on the Markagunt Plateau 
were chosen because they are representative of the southern
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Utah spruce-fir type and are adjacent to existing regenera­
tion studies.
A random sample of ages and diameters was recorded at 
each study area. Concentric circular plots were used in 
the sampling procedure. Increment core analysis and destruc­
tive sampling techniques were used for age determinations.
The stands of both locations are uneven-aged. Engelmann 
spruce, the primary species, is predominately all-aged; sub­
alpine fir is uneven-aged, but not all-aged; and aspen is 
even-aged. Engelmann spruce and subalpine fir are co-climax 
species in these stands while aspen, a serai species, acts 
as a "nurse crop" for the conifers.
The age-class structure of these stands lends itself to 
the selection method as the most promising silvicultural 
system in harvesting and regenerating these stands. This 
uneven-aged system would mimic the natural ecological 
development and provide adequate protection to the site 
during all phases of management activities.
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SAMPLE POINT LOCATIONS
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APPENDIX A (Continued)
Clayton Stand Sample Point Locations
APPENDIX B
TYPICAL SAMPLE POINT CENTER
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APPENDIX B 
Typical Sample Point Center
1/100
Acre
1/20
Acre
1/10
Acre
This is a representation of a typical sample point 
center as described in the text. A complete sample was 
made of all trees one foot and taller that fell in the 
plots. The smaller trees were sampled from the smaller 
plots and visa versa. See explanation in text.
